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Abstract 

(Problem) To provide a hot-cathode fluorescent tube lighting device and an inverter 
circuit therefor, the device being capable of improving the luminance of the fluorescent 
tube while power consumption is maintained at the same level as in prior art. When 
two fluorescent tubes are connected in series, noise from the connection wires for the 
fluorescent tube is minimized. 

(Means for solving the problem) In an inverter circuit 2' that converts a DC power 
supply voltage for a hot-cathode fluorescent tube lighting device into an AC voltage of 
a predetermined frequency and applies it to a fluorescent tube 1, high- voltage 
transformers Tl and T2 for discharging the tube are connected in series. One of the 
voltage outputs from the two high- voltage transformers Tl and T2 is acquired in an 
opposite phase from the phase of the other voltage output and applied to the 
fluorescent tube 1. The hot-cathode fluorescent tube 1 is discharged by placing 
capacitors Cbl and Cb2 having substantially the same capacitance between the 
transformer outputs of the inverter circuit 2' and the electrodes of the hot-cathode 
fluorescent tube 1 . 

(0002) (Related Art) Conventionally, hot-cathode fluorescent tubes are suitable for a 
backlight illumination such as a large-screen liquid crystal display or a light table for 
inspecting film, since they can obtain higher luminance as compared with cold-cathode 
tubes. 

(0003) The principle of light emission of a hot-cathode fluorescent tube is as follows. 
First, a voltage is applied to a filament electrode using a heater circuit, so as to heat the 
filament electrode. Next, thermoelectrons are released from electron-emitting 
material applied on the filament. Along with rise in temperature, the gas pressure of 
mercury vapour with which the tube is filled is increased. 

(0004) During such state, gas ionization of the mercury vapour near the filament 
proceeds due to the electric field applied to the hot-cathode fluorescent tube, and 
in-tube discharge (in a state of conduction) is then initiated. Ultraviolet ray is 
released from the mercury vapour due to such discharge, and the ultraviolet ray excites 
fluorescent material applied on the tube, whereby light is emitted. 

(0005) Figs. 2 to 5 show basic circuits of conventional devices for lighting a 
hot-cathode fluorescent tube. Fig. 2 shows a schematic diagram of an electric circuit 
of a device for lighting one hot-cathode fluorescent tube. Fig. 3 shows a schematic 
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diagram of an electric circuit of a lighting device in which two hot-cathode fluorescent 
tubes are connected in parallel with each other. Fig. 4 shows a schematic diagram of 
an electric circuit of a lighting device in which two hot-cathode fluorescent tubes are 
connected in series with each other. Fig. 5 shows a schematic diagram of an electric 
circuit of a high-power lighting device in which two high-voltage transformers are 
connected in parallel with each other and the output windings thereof are connected in 
series with each other. 

(0006) In Figs. 2 to 5, reference numeral 1 denotes a hot-cathode fluorescent tube (to 
be hereafter referred to as a "fluorescent tube). PS denotes a DC power supply for 
lighting the fluorescent tube 1, and GND denotes a grounding terminal thereof. 
Reference numeral 2 denotes an inverter circuit for lighting the fluorescent tube 1. 
DC voltage of the power supply PS is converted into an AC voltage of a predetermined 
frequency in the inverter circuit, and a high voltage is applied to the tube to be lit. 
Reference numeral 3 denotes a heater circuit, 4 denotes a current-detecting circuit, 5 
denotes a timer circuit, 6 denotes a switching circuit, and 7 denotes a PWM control 
circuit. 

(0007) The inverter circuit 2 includes a transformer Tl and an oscillation part arranged 
on the input side of the transformer Tl. As seen from portions indicated by a thick 
line in Fig. 5, in any of the conventional systems, one of the electrodes of the 
fluorescent tube to which a high voltage is applied from the transformer is connected 
to ground. 

DESCRIPTION OF THE INVENTION 

(0008) As schematically shown in Figs. 6 and 7, because the connection wires for the 
fluorescent tube 1 are passed around the reflecting plate (which is metal) for the 
backlight and within the casing, floating capacitance is produced between such metal 
members, the fluorescent tube 1, and the connection wires for the fluorescent tube 1. 
In addition, because of the two heater wires, via which current is supplied to the 
filament, that are associated with each electrode, the floating capacitance of such 
connection wires is not negligible. 

(0009) Furthermore, because the fluorescent tube 1 is larger than a cold-cathode 
fluorescent tube, relevant connection wires are extended and so the floating 
capacitance also increases. Since the high voltages outputted from the transformers 
are AC voltages, the alternating current component is leaked to the casing or the 
reflecting plate via the aforementioned floating capacitance, resulting in a loss. This 
loss causes the current through the fluorescent tube 1 to be reduced, whereby the 
luminance of the fluorescent tube 1 decreases. Furthermore, because the fluorescent 
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tube itself causes floating capacitance with the casing, part of the current that should 
flow through the fluorescent tube is leaked, resulting in a luminance gradient such that 
the high-voltage side of the fluorescent tube is brighter than the grounded side. The 
luminance gradient on the surface of the lamp becomes particularly pronounced when 
the luminance is turned down. 

(0010) Moreover, when two fluorescent tubes are used in series in the above 
conventional example, a transformer with a large output voltage is required, which 
would further increase the noise from the connection wires for the fluorescent tubes. 

(0011) In view of the above problems, it is an object of the present invention to 
provide a hot-cathode fluorescent tube lighting device that is capable of improving the 
luminance of a fluorescent tube and that does not cause the luminance gradient of the 
fluorescent tube, while power consumption is maintained at the same level as in prior 
art, and an inverter circuit thereof. 

(0012) It is another object of the invention to provide a hot-cathode fluorescent tube 
lighting device capable of reducing noise from wires of the tube as much as possible 
and an inverter circuit thereof. 

(0013) (Means of solving the problems) In order to achieve the above objects, claim 1 
of the present invention proposes an inverter circuit that converts a DC power supply 
voltage of a hot-cathode fluorescent tube lighting device into an AC voltage of a 
predetermined frequency and that applies the AC voltage to the hot-cathode fluorescent 
tube. The inverter circuit of the hot-cathode fluorescent tube lighting device includes 
two high-voltage transformers for discharging the tube connected in series with each 
other. A voltage output of one of the high-voltage transformers and a voltage output 
of the other high- voltage transformer are retrieved so that the phases of the outputs are 
opposite to each other. 

(0014) In accordance with the inverter circuit, since the fluorescent tube is connected 
between an output terminal of the transformer having a positive phase and an output 
terminal having a phase opposite thereto, the fluorescent tube is lit in a state of floating 
from a ground potential, whereby floating capacitance between connection wires for 
the fluorescent tube and the casing or the reflecting plate can be reduced. Thus, 
leakage current is reduced, whereby reduction in the luminance of the fluorescent tube 
can be prevented and biased luminance distribution can be improved. 

(0015) Further, claim 2 of the present invention provides an inverter circuit that 
converts a DC power supply voltage of a hot-cathode fluorescent tube lighting device 
into an AC voltage of a predetermined frequency and that applies the AC voltage to the 
hot-cathode fluorescent tube. In the inverter circuit of the hot-cathode fluorescent 
tube lighting device, a plurality of pairs of high-voltage transformers for discharging 
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the tube, each pair being composed of two transformers connected in series with each 
other, are connected in parallel with each other. A voltage output of one of each pair 
of the plurality of pairs of high-voltage transformers has a phase opposite to the phase 
of a voltage output of the other pair, and the phases on each side are retrieved together. 

(0016) In accordance with the inverter circuit, since the fluorescent tube is connected 
between an output terminal of the transformer having a positive phase and an output 
terminal having a phase opposite thereto, the fluorescent tube is lit in a state of floating 
from a ground potential, whereby floating capacitance between connection wires for 
the fluorescent tube and the casing or the reflecting plate can be reduced. Thus, 
leakage current is reduced, whereby reduction in the luminance of the fluorescent tube 
can be prevented. Further, since the transformers are connected in parallel with each 
other, it is possible to deal with a large amount of power. 

(0017) Further, claim 3 proposes a hot-cathode fluorescent tube lighting device for 
lighting a hot-cathode fluorescent tube by including an inverter circuit that converts 
DC to AC and applying an output voltage from the inverter circuit to both ejectrodes of 
the hot-cathode fluorescent tube. In the device, two high-voltage transformers for 
discharging the tube are connected in series with each other on an output side of the 
inverter circuit. A phase of a voltage output of one of the high-voltage transformers 
is retrieved so that the phase is opposite to a phase of a voltage output of the other 
high-voltage transformer. The hot-cathode fluorescent tube is discharged by inserting 
current-limiting elements, each having approximately equal capacitance value to each 
other, between the outputs of the transformers in the inverter circuit and the electrodes 
of the hot-cathode fluorescent tube. 

(0018) In accordance with the hot-cathode fluorescent tube lighting device, since the 
fluorescent tube is connected between an output terminal of the transformer having a 
positive phase and an output terminal having a phase opposite thereto, the fluorescent 
tube is lit in a state of floating from a ground potential, whereby floating capacitance 
between connection wires for the fluorescent tube and the casing or the reflecting plate 
can be reduced. Thus, leakage current is reduced, whereby reduction in the 
luminance of the fluorescent tube can be prevented. 

(0019) Further, claim 4 proposes a hot-cathode fluorescent tube lighting device for 
lighting a hot-cathode fluorescent tube by including an inverter circuit that converts 
DC to AC and applying an output voltage from the inverter circuit to both electrodes of 
the hot-cathode fluorescent tube. In the device, a plurality of pairs of high-voltage 
transformers for discharging the tube, each pair being composed of two transformers 
connected in series with each other, are connected in parallel with each other on the 
output side of the inverter. A voltage output of one of each pair of the plurality of 
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pairs of high-voltage transformers has a phase opposite to the phase of a voltage output 
of the other pair, and the phases on each side are retrieved together. The hot-cathode 
fluorescent tube is discharged by inserting current-limiting elements, each having an 
approximately equal capacitance value to each other, between the output from each 
inverter circuit and the electrodes of the hot-cathode fluorescent tube. 

(0020) In accordance with the hot-cathode fluorescent tube lighting device, since the 
fluorescent tube is connected between an output terminal of the transformer having a 
positive phase and an output terminal having a phase opposite thereto, the fluorescent 
tube is lit in a state of floating from a ground potential, whereby floating capacitance 
between connection wires for the fluorescent tube and the casing or the reflecting plate 
can be reduced. Thus, leakage current is reduced, whereby reduction in the 
luminance of the fluorescent tube can be prevented. Further, since the transformers 
are connected in parallel with each other, it is possible to deal with a large amount of 
power. Furthermore, due to inserted current-limiting elements, each having an 
approximately equal capacitance value to each other and being inserted between a 
terminal of a hot-cathode fluorescent tube and an output of a transformer, a voltage 
across both terminals of the fluorescent tube with respect to a ground potential 
(ground) is balanced and is made approximately equal. Thus, luminance of the 
fluorescent tube is not biased through the entire portion of the tube but caused to be 
approximately uniform. 

(0021) (Embodiments of the present invention) Embodiments of the present invention 
will be hereafter described with reference to the drawings. Fig. 1 shows a schematic 
diagram of an electric circuit of a first embodiment of the present invention. In the 
figure, the component parts that are identical to those in the conventional technology 
described above are denoted by the identical reference characters (excepting the 
transformers). Further, the first embodiment is a circuit diagram in which two 
fluorescent tubes 1 are connected in series. 

(0022) In the figure, reference numeral V denotes an inverter circuit (high-voltage 
circuit) of the present invention, and it includes: an oscillation part composed of a 
Royer circuit including an inductor LI, resistors Rl and R2, transistors Q2 and Q3, and 
a capacitor Cr; and transformers Tl and T2 connected to the oscillation part. 

(0023) The oscillation part receives a power supply voltage PS (DC voltage) and 
causes alternating currents having predetermined frequencies to flow through the 
primary windings of the transformers Tl and T2. The secondary windings of the 
transformers Tl and T2 convert the alternating currents that flow through the primary 
windings into alternating voltages (high voltage). The inverter circuit 2' of the 
present invention operates with a low-voltage DC power supply PS, which is obtained 
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by converting a commercial power supply into DC via an AC/DC converter, as a power 
supply. In other words, the inverter circuit 2' of the present invention is a DC/AC 
inverter that converts a DC voltage into an AC voltage. 

(0024) Reference numeral 1 denotes a hot-cathode fluorescent tube (to be hereafter 
referred to as a "fluorescent tube"). Cbl and Cb2 refer to balanced capacitors as 
current-limiting elements to be described later. Reference numeral 3 denotes a heater 
circuit for heating a filament, and it includes: an oscillation part composed of an 
inductor L2, resistors R4 and R5, transistors Q4 and Q5, and a capacitor Crh; and a 
transformer T3 connected to the oscillation part. Reference numeral 4 denotes a 
current-detecting circuit and it includes a diode D2, a capacitor CI, and a resistor R3. 
Reference numeral 4 denotes the current-detecting circuit, 5 denotes a timer circuit, 6 
denotes a switch circuit, and 7 denotes a PWM control circuit. 

(0025) Next, an operation of the present embodiment having the above structure will 
be described. First, when a lighting switch SW1 is turned on, the heater circuit 3 is 
actuated via the timer circuit 5 and the switch circuit 6. Since the timer circuit 5 is 
used for discharging the fluorescent tubes 1 after heater preheating, the heater circuit 3 
itself is immediately actuated when the lighting switch S Wl is turned on. 

(0026) After a predetermined lapse of time (1 to 2 seconds) has passed since the 
lighting switch SW1 is turned on, the inverter circuit 2' is actuated upon the actuation 
of the timer circuit 5. 

(0027) The inverter circuit 2' is actuated via the diode Dl by inputting the DC power 
supply PS to the PWM control circuit 7 via a switching element Ql. 

(0028) A feature of the Royer circuit used in the inverter circuit 2' is that it is so-called 
a self-oscillator by which the on/off operation is automatically carried out by providing 
a transformer with a feedback circuit so as to carry out a positive feedback from the 
collector to the base of each transistor. Rl and R2 are bias resistors for providing the 
base with a voltage having the forward direction for facilitating the initiation, and they 
do not involve operation essentially. 

(0029) Upon actuation of the timer circuit 5, the transistors Q2 and Q3 are 
alternatively tuned on/off repeatedly, and high-frequency currents flow through the 
primary windings of the transistors Tl and T2. Thus, high-frequency voltages appear 
through the secondary windings. The frequency of such AC voltage is determined by 
a switching frequency of the on/off operation of the transistors Q2 and Q3. The 
step-up degree of the secondary-side voltage of the transformer Tl or T2 is determined 
by the ratio of the turn of the primary winding to the turn of the secondary winding, as 
is well known. 

(0030) Upon oscillation of the Royer circuit, the collector voltage waveforms of the 
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transistors Q2 and Q3 become such waveforms as shown in Figs. 8(a) and (b). Since 
the outputs (phases) of the transformers Tl and T2, which are shifted by 180 degrees, 
appear, the output voltage waveform of the transformer T2 appears in such way that the 
output voltage waveform of the transformer Tl is inverted (Figs. 8(c) and (d)). 

(0031) Using the outputs from both transformers, voltages having opposite phases to 
each other as shown in Figs. 8(e) and (f) are driven at an electrode fl of one 
fluorescent tube 1 and at an electrode f4 of the other fluorescent tube. In order to 
cause a constant current to flow through the fluorescent tubes 1, the outputs of the 
transformers Tl and T2 are applied to the fluorescent tubes via current-limiting 
elements, such as balanced capacitors Cbl and Cb2. 

(0032) Each of the output amplitudes of the transformers Tl and T2 corresponds to an 
output of one transformer. However, since the phases of the output amplitudes are 
inverted to each other, if one of the outputs is used as a base, a voltage as shown in Fig. 
8(h) is apparently applied to the fluorescent tube 1. It can be seen that the output of 
two transformers is obtained from the viewpoint of the amplitude (maximum value). 

(0033) Further, since the voltages at electrodes f2 and f3 of the fluorescent tubes 1 are 
at the midpoint of the voltages having opposite phases to each other, they are 
approximately 0 V (Fig. 8(g)). Thus, approximately uniform luminance can be 
obtained through the fluorescent tube as a whole, without causing a luminance gradient 
as shown in Fig. 9 at both ends of the fluorescent tube (Fig. 10). 

(0034) Further, since the voltage phases at both ends of the fluorescent tube are 
opposite to each other, noise from the connection wires is negated and minimized. 
Thus, it is possible to provide a lighting device and an inverter circuit therefor capable 
of generating noise less than that by discharging one fluorescent tube, even when two 
fluorescent tubes 1 connected in series are discharged. 

(0035) The secondary coils of the transformers Tl and T2 are connected to the PWM 
control circuit 7 via the current-detecting circuit 4, so as to control a voltage applied to 
both fluorescent tubes 1 such that a tube current becomes constant by this feedback 
system. Namely, the resistor R3 is used for converting a current into a voltage, the 
diode D2 is used for half- wave rectifying the voltage, and the capacitor CI is used for 
maintaining the peak voltage. The PWM control circuit 7 detects the value of the 
peak voltage that is sent thereto, and the inverter circuit 2' adjusts the voltage value 
applied to the fluorescent tubes 1. Further, the PWM control circuit 7 controls the 
voltage value applied to the inverter circuit 2' through the operation of a light control 
switch (SW2) provided separately, and thus it has a function of adjusting luminance of 
the fluorescent tubes 1 . 

(0036) A second embodiment of the present invention will be hereafter described. Fig. 
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1 1 shows a schematic diagram of an electric circuit of the second embodiment of the 
present invention. In the figure, the component parts that are identical to those in the 
conventional technology and those in the first embodiment described above are 
denoted by the identical reference characters (excepting the transformers). Further, 
two fluorescent tubes 1 are connected in parallel in the second embodiment. 

(0037) Since the polarities of the outputs at the secondary windings of the transformers 
Tl and T2 are also different in the second embodiment, the phases of the output 
voltage waveforms of the transformers Tl and T2 are different from each other by 180 
degrees. The outputs from the transformers Tl and T2 are applied to both electrodes 
of the fluorescent tubes 1 via the balanced capacitors Cbl/Cb3 and Cb2/Cb4. 

(0038) Voltages having opposite phases to each other are applied to the electrodes fl 
and f2 as well as to the electrodes f3 and f4, so as to drive the fluorescent tubes 1 . 
Since both electrodes of each of the fluorescent tubes are not connected to ground in 
the present embodiment either, approximately uniform luminance as shown in Fig. 10 
can be obtained through the fluorescent tube as a whole, without causing a luminance 
gradient as shown in Fig. 9 at both ends of the fluorescent tube. 

(0039) A third embodiment of the present invention will be hereafter described. Fig. 

12 shows a schematic diagram of an electric circuit of the third embodiment of the 
present invention. In the figure, the component parts that are identical to those in the 
conventional technology, in the first embodiment, and in the second embodiment 
described above are denoted by the identical reference characters (excepting the 
transformers). 

(0040) The third embodiment shows an example in which four transformers are used to 
deal with high-power fluorescent tubes. Especially, when used as a low-height 
backlight in a display unit of a portable unit such as a laptop computer, a plurality of 
small transformers needs to be used to handle electric power. In the present 
embodiment, transformers T3 and T4 are connected to transformers Tl and T2 in 
parallel, and the outputs from the transformers Tl and T3 are positive phases whereas 
the outputs from the transformers T2 and T4 are opposite phases. They are outputted 
in conjunction with one another. 

(0041) Thus, even when the transformers Tl to T4 are low-electric power types, a large 
amount of power can be handled by connecting a plurality of sets of transformers 
whose outputs are in positive phases and transformers whose outputs are in negative 
phases in parallel and by outputting the outputs having individual phases in 
conjunction with one another, as in the structure of the present embodiment. Other 
working effects of the present embodiment are the same as those of the first 
embodiment. 
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(0042) (Effects of the Invention) As described above, according to the inverter circuit 
in claim 1 of the present invention, two high-voltage transformers for discharging 
tubes are connected in series with each other, and a phase of an output from one of the 
high-voltage transformers is retrieved so that it is opposite to a phase of an output from 
the other high-voltage transformer. Thus, the fluorescent tube is lit in a state of 
floating from a ground potential, whereby floating capacitance between connection 
wires for the hot-cathode fluorescent tube and the casing or the reflecting plate can be 
reduced. Thus, leakage current is reduced, whereby reduction in the luminance of the 
hot-cathode fluorescent tube can be prevented. Particularly, biased luminance 
distribution; that is, luminance being high on the high-voltage side but low on the 
low-voltage side when luminance of the hot-cathode fluorescent tube is adjusted to be 
low, can be improved. Further, since only a small output voltage per high-voltage 
transformer is sufficient, unnecessary radiation (noise) can be reduced. 

(0043) Further, according to the inverter circuit in claim 2, a plurality of pairs of 
high-voitage transformers for discharging tubes, the transformers of each pair being 
connected in series with each other, are connected in parallel with each other, and a 
phase of an output from one of the high-voltage transformers is retrieved so that it is 
opposite to a phase of an output from the other high-voltage transformer. Thus, the 
fluorescent tube is lit in a state of floating from a ground potential, whereby floating 
capacitance between connection wires for the hot-cathode fluorescent tube and the 
casing or the reflecting plate can be reduced. Thus, leakage current is reduced, 
whereby reduction in the luminance of the hot-cathode fluorescent tube can be 
prevented. Particularly, biased luminance distribution; that is, luminance being high 
on the high-voltage side but low on the low-voltage side when luminance of the 
hot-cathode fluorescent tube is adjusted to be low, can be improved. Further, it is 
possible to deal with a large amount of power. Additionally, since only a small output 
voltage per high-voltage transformer is sufficient, unnecessary radiation (noise) can be 
reduced. 

(0044) Further, according to the hot-cathode fluorescent tube lighting device in claim 3, 
two high-voltage transformers for discharging tubes are connected in series with each 
other, and a phase of an output from one of the high-voltage transformers is retrieved 
so that it is opposite to a phase of an output from the other high-voltage transformer. 
Thus, the fluorescent tube is lit in a state of floating from a ground potential, whereby 
floating capacitance between connection wires for the hot-cathode fluorescent tube and 
the casing or the reflecting plate can be reduced. Thus, leakage current is reduced, 
whereby reduction in the luminance of the hot-cathode fluorescent tube can be 
prevented. Particularly, biased luminance distribution; that is, luminance being high 
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on the high-voltage side but low on the low-voltage side when luminance of the 
hot-cathode fluorescent tube is adjusted to be low, can be improved. Further, since 
only a small output voltage per high-voltage transformer is sufficient, unnecessary 
radiation (noise) can be reduced. Furthermore, due to inserted current- limiting 
elements, each having an approximately equal capacitance value to each other and 
being inserted between an electrode of a hot-cathode fluorescent tube and an output of 
a transformer, a voltage across both terminals of the fluorescent tube with respect to a 
ground potential (ground) is balanced and is made approximately equal. Thus, 
luminance of the fluorescent tube is not biased through the entire portion of the 
fluorescent tube but caused to be approximately uniform. In cases in which two 
fluorescent tubes are connected in series with each other, it is possible to reduce noise 
from connection wires for the fluorescent tubes as much as possible. 
(0045) Further, according to the hot-cathode fluorescent lighting device in claim 4, a 
plurality of pairs of high-voltage transformers for discharging tubes, each pair being 
composed of two transformers connected in series with each other, are connected in 
parallel with each other, and a phase of an output from one of the high-voltage 
transformers is retrieved so that it is opposite to a phase of an output from the other 
high-voltage transformer. Thus, the fluorescent tube is lit in a state of floating from a 
ground potential, whereby floating capacitance between connection wires for the 
hot-cathode fluorescent tube and the casing or the reflecting plate can be reduced. 
Thus, leakage current is reduced, whereby reduction in the luminance of the 
hot-cathode fluorescent tube can be prevented. Particularly, biased luminance 
distribution; that is, luminance being high on the high-voltage side but low on the 
low-voltage side when luminance of the hot-cathode fluorescent tube is adjusted to be 
low, can be improved. Further, it is possible to deal with a large amount of power. 
Additionally, since only a small output voltage per high-voltage transformer is 
sufficient, unnecessary radiation (noise) can be reduced. Furthermore, due to inserted 
current-limiting elements, each having an approximately equal capacitance value to 
each other and being inserted between an electrode of a hot-cathode fluorescent tube 
and an output of a transformer, a voltage across both terminals of the fluorescent tube 
with respect to a ground potential (ground) is balanced and is made approximately 
equal. Thus, luminance of the fluorescent tube is not biased through the entire 
portion of the fluorescent tube but caused to be approximately uniform. In cases in 
which two fluorescent tubes are connected in series with each other, it is possible to 
reduce noise from connection wires for the tubes as much as possible. 
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ft«R. GNDIt *©^?VH*Pttlb*. 2 ft, 1 

j(5«EE*HiioL.-cr.itfe**r-f5fc»©'f y^—?m& 

-Yv-|5|», ett^yf-gl*, 7(4PWM^Vbn- 
[0007] -f^WHIl^tt, , Yyyxilh 

H 5 fcfcv^ijfl-T* & a#T?g- § 1 5 ic, 
tt*©**©v^fc38v^Tt>, h?^a»fe*mEES' 
ff»s*i5*3fc*©-*©«iift, fyyvmmti 

[0008] tfc, H6&t)«H7lc|t*fi9t*tJ:5 
t, ftjfef 1©BB^», ^7^7^ h©K*f« (^A) 

t**f i&tf»«t i©B*IWT»»***J»o. t 
-?-S»B, 7^7^yMc»^Wt5fc»(c, 
#m±!9 2*-5offi5fefe, r©IBH©fco^®WS 

[0009] ^tis, w&mm 



3 

©*h tftff iic»5m»5^ 0 -c*jtf i©»iS;5s 
{iTLTL4 5„ *^g{M>«frj:a>|||HKi 
#*&8o-o*$©-e, KJWfcfch.S'^**©-* 
*!J-^LTU4V\ «**©*fffl#W3<-C«*«J 

»tt*tt-3fc:|ft*©i§, 7V^*ffi»S©WiS*U 
10 0 1 0] Sfc, ±|2^^T% «*f *2*n»l|fc 

iiU *©»£, «#*©■«!&»&©>' 4 
[00 11] 

t± 5 itsBWi **w©attttJbE© 

JMW*iertri©4^S«»*ff**r»«, fe* 
[0012]$ & tit, mm*** 2 *TE?iJ©#£ 

[0 0 13] 

[«wt*BW6«:©©*« *»wtt±e©attta 
(Wsti&Ktwnfft, «MiWHbtj»riai©a: 

««»E«ff*0fJE«IHfc©SJ«1tEt«*L-C, 

tiMlffl©WEb5^*2flil3l8Bl*LTRrt, 
-#©*£ ^^©IffltWj*, tt*©*£Eh?yji 

«©^y/<-^E»tlB(ft5. 
[0 0 14] **>vWHKR:J:Jitf, I 
#ffi© h7 vao^«£*ftt©^*©g||HMt* 

R««i©IH©#a»JI^S<45. <j-* 

lo o 1 5] *fc, W*S2-e{4. iMHttXtMII 
S©1«nK«E^^«Cft©«WtEicg»L-Ctt 

fco-C, f ^lffl©^E h 7 y*£ 2 «— mcijE^SSR 

L/t h 7 y* frffiRRtfTgaiggR u WlRKrtfc t 

tiZtuo h 7 y^©fi©-*©^E h ?y*©«EEHtfj 
Sr, tt*©»ffih?y^©13EEffi*©a!4fctliUT, t 

[0 0 16] flW:~<-*H*fc«tf*, *ftf#, jE 

tttt© h5>^©aj**ti!!ft«©wjbja©iBfc««s 



(3) 1 0-9 2 5 8 9 
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v^^WB-ejfi*rt*iifc4P, ft*f©E«i:«#^ 
B@H«fc ©«©»»**#**< 45. «ot, J-^ 

$e>fc:, F7^t*JHS»L-cv^©-e, **#fct> 

[ooi7] fiwwsm »*ftss«caait 

My/WBI&HI*.. tt-<y/W@J5©Uy!j«EE 
©W*©«ifcBaiDt5 r. i t J;oTK 

io mm%m*mi-mmm l i<oMrmK*s^ 

T\ «E-f^<-?iai8©B*»KffJk«ffl©«EEh7 

v^*2«jtjtta*UTRtt, -#©«£]- 7 yx©m 

ffifflA*, «btr©K£Eb7V^©lffifflA©»ti5tlit 
fcfHMBtXf «*©Wfc** BtfJMWKXS u>R* 

[0 0 18] MHMK^ojttnBKt^titf, Sft 

f a\ lEiifi© b7>^©ffi^i:ii5feie©tti7J®©^ 
t*#^K««i:©W©#jBiF*P/hS<ft5. $o 

■t, K*t©«t©«T*i!rcrfc 

[00 19] it, tt*94 

mmm%m vmrnumtmut s r t k ± o r« 
fi^jit^t« : ^^^Tt5^l*«3tf©^Tggic^ov^ 

30 yx£ 2 fl-fekiCllttR Ufc h 7 **&Ktf 

U wratf fc* jv«t© h ? y * ©m©-£ 
©iiiffi h 7 y * ©HffitiW ^ffi^©iliE h 7 y ^ ©HE 
atf>©«tfcfcii/c, ^m©tlK*v^-c#-frrm«5 

«MI©IBt#* Btf»«l[©«U*ilalRF««* 
*Tj»Httf«W**« ± 5 fc U*:f«MBS3tt 
©^^g%illtt5„ 
[0 0 2 0] KWWitJtf **R6*K:i*itf, 
Ettft©h7y^©W**i*ffi«©tllAJB©|H]fc 

40 mzhzzkkbtt^ fkmmmvLfrbyu 

-t 4 Vifmxm^ Z.b\z.tt\). £3fef©8EHi 
S#^K»*i©llll©#«»*^S<««. Sot, 

*5. Sblc, h?^*iewilifcv^©-C, ^H 

t h?^©B«lMK«*ilt©Btf*LV^RJlBlKpaSA 

5 r 1 1 i 5 , mm {?? y k) \zmm%m 

^©mffitt, /<9y^UXBtf*U<*9. ^3fef©» 
50 §„ 



(4) 
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[0 0 2 11 

imvmmmm] eit, mm\m^ximm<o- 

tcw&mtm-®m%\m--m*^xi?t (** 
t 1 * 2<rejijK««tLfcii^oiiiKBs-c*s. 

[0 0 2 2] HiCfc^T, 2 ' rfcWSWOW^-^HI 
R GHEiag) T, ^V^?y^Ll, SttRl. R 
2, hyy^^Q2, Q3, aS'T'yf-Cr 10 

[ 0 0 2 3 J IliEP S (ESSE) £g 

amaSrai-ftftofcroTf**. b9v*Ti, T2© 

2 ft«Ra, trie 1 9c^iHiuc«tLS^m»«$9iaE 

ft, «/B«K#AC/DCaV>Wfc±oTiE«fc* 

& s ftft&sE*tt«K p s &«* t uTftwrs. » 

mifttf. *»H<DW^~#0K2' ft, 20 
[0 0 2 4J 1», fklfttt&ttff IHT, 

"TfjbD, cbi, c b 2 wmi- tux 

4, R5, h7yi?^^Q4, Q5, ayT^tCth 

2, a^yfCl, ffttR3*bllrt*}t«. 4 ttS 
mUUBR, 5»*>fv-iaHK 6tt*-fy?-HBk 7 30 

ftPWM=y h n-/nag&-efc5, 
[00 2 5] fclc, ittix!©«J: 5 «5*$tt0J©IW: 

©■e*sa»&, t-^-H»3i*», Jttrx'fyf-s 

[0 0 2 6] Aff^«<5r^SWl#ON*ilTlJ>6»rot 

im d~2#) sji-rsi, *^-[UBg5©#iSfc 40 

[0027] ^y/^-^-[s]S§2' ©fHfttt, s-f, it 

ttftKP S#*W yfyyifrQ 1 ZffLXPWMny 
fn-*H*7fcAASJv KD 1 fc^LTft 

[0 0 2 8] -f 0& 2' tfflv^D^+iaB© 

(«*») t«Ba*tRttT, *■]» 

-CfeSiir-efcSo Rl, R2ft, ttfttlWt-fafc 50 



^-/MC*»ii#ffl©*Efc4*T*l<A<f7X 
[0 0 2 9] *4v-BJft 5 /SHOTS fc, 

[0030] T*4*mmstt*k. hyy^^Q 

2, Q3©=V-**1BEiK^ft, ®8© (a) , (b) 

OJ:5Cft5. -ffifc, \-?yxT\b72<Dm m 
ffl #18 0K<5ii-CS*l*5©-e, b7>XT2©tti 

x-mtiz ®8© ( c ) , (d> > . 

[0 0 3 1] ^©Pgl^^tftfJfc.fco-C. 
l©«Ef lt«l*©*3tt©«if 4fctt» H8© 

(e) , (f) Rlw'fJ:54SV^iS»B©«BE*«»S 
ftS. ^U, h?VXT12:T2©tt|#N:, Kftf 1 

icftwiMMTfcft, ^y^Fayfyfcbi, c 

[00 32] hyyXTl, T2<DmJ]*MmXfyh 

tf, byyxtl, T2fcfc, Mtil-7Wli» 
©ffl;*jfcfl&4&fcv\S*, Pf#©|fcffij»Si:^fcElEUT:^ 

]Wt-k, H8© (h) K*+J:54mff#W!)DSti5t 
<b£fr5,, iJttfift TfWlff. h7V^2 

fl#©ffl*£i& o u lths r t asa«Fe* ± 5 . 

[0033] Sfc, KXf l©«if 2, f3©mBE 
tt, SV^5BW©«E©'C*fc45©t?, I5if0*>h 
(B8© (g) ) . tot, m^hWiCWt 
*H*©«t©«Bttfii6.-f, Mf^Srllt* 
JiH, Bff«-4WE*#feft* (B10) . 

[0 0 3 4] *jt. *7etiws©mE©{iti^^^ 
mm<nmmzbz<DX\ mm* bins y ^ x^s^fc 

5. 

[00 3 5]^, h7>XTl kT2<0 2ftM<0=tjA' 
*7fcofctf$©tt, r©7^-K/V^^io-t, 

W*©**t i »^5iff^fii#-£t«5 

±5fc«IIP1-5fc©©t>©T?»>5. Wt., ®in:llR3 

r©sa$lir<5if-^«£E***BL-r, 

^0^2' «s**tfltRlJirt-5«E«[t|«1-5. * 
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tc, PWM=yl.n-*H*7tt % SNMKtt&tiftne 

(SW2) OJWCioT, -f V/WIUIS 
2' -M1-5SjE«^»UT, ft*f lOH&Sfc 
M1-5«ffi££fc1\ 

[0036] »ic, *anaj|2egttBM*MH- 

5. HI IB, *»W(0*2OiaK»«©WW@KSr 
l nwsmh WHM»l»ttPI-ff»t %ot«t 
ft, B3OTlfc2#Sfcflfc«KLfc<fe©T*5. 

[0 0 3 7l*2 ©£*»»©##*>, h7^*Tl£ 

b7^T 1 tT 2©(i]*l)E»i±tOfiffl#l 8 0 
ftffiSTtS. h7yXTliT2©fflAft> 
ayfyfCb 1/Cb3. &tfCb2/Cb4&jIL 

[0 0 3 8] ftXffl©*|tf It f 2, Sff£ 3tf 
4 Kit, Ek'IdtlOftffiPRlftSft. H»$it5o * 

nnrmizm^xh, «#t i©w*©m*fc*fc^5 

VK3*vO^©T!, B9fc*5J:54, SftffP* 
©ffi£©#C$f±igi 6-T, H 1 0 © J: 5 1, 
45iur, BtfJ8-4«*i9*»6;h,«. 
[oo3 9] we, mmo^somrmmm-t 
5„@i2 si, *i§w©^ 3 ommmmmm* 

1 2 ©$»#§ £ HHftJH&frttH-* * Sr % o 

[0 0 4 0] tit. %zmmmi. *«*©*#* 

;-^y# 3 ye a -?4 if ©$Ma«©i^Kfi 

cohyyx mmm vxm* mb&mtt* & 4 

T3©(HA«jEfiaSTf, h?V^T2fcT4©UA#tiB 

(We WWuSNrc fflAi* 5 . 

[0 0 4 1]$oT > >7V^Tl~T4^^H/h 

«*S©iH-c*)oT:t). *«*©j:5fc. jEffiffi-t?m 
J: 9 , it5it #-C* S„ *©fti©ffrB 

■ ®mt% i ©&&&*£ h ^^fcs„ 

[004 2] 

[*«©»*] &±MWL?t£?K, *»ffl©M**l 
Eit©>f v/WBUfc «Ht«©iMEh?v 

y *©HiA Srffitf; ©«JE f 7 ^©W*©«fiaB-e* 5 
at± 5 1 Lfc©-*, flHMttXff #*»Wtol» & 7 b 
-^-fV^^Wfi-cji«rl-«rtK45, *l£IKft3te*© 
B»£*fc*E»*H©#a»***i* < -ts r £ fix 



(5) #P§5F 1 0-9 2 5 8 9 
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§5. r*tfc±D, y-^«8t#«D. *HHSS*f© 
W*©ffiTSrWCit#-et6. »fc. JMtfgftff© 
»Sfcffi<ll*L;fcfcS, Kff«#W5<«5, fi&EEIM 
*«<ftStv^5J:5 **«£*©* 0 as&#£;ft5„ 
3 6>fc, »Eh7:/*l«*fc9©HWj*EE;SS*S<-C 

(.MX) *'>4<1-«£ 
[0 0 4 3] Sfc, M*a2gB«©>fv/<-*li«m:J: 

w*, t tmmm h?>*%2 mmmuc h 7 
y*mmn, -Kbammrz twc, -*© 

10 jMEh?y*©fflrtfrfl^©iraf?v^©a;&©it^ 
#?K 0 i±i1- ± 5 1 Lfc©T% fiStffi^f 

K*f©J«©«TM&C£fc#-e*5. »fc, fflftff 
*3t*©«tSr«fc < Hit Lfc £ * - W 5 < 4 

9 , £EEfll#lff< 45 £V^5 £ b *««£#©*&#* 

20 KWt V 4 *)■ t^ft < 1-5^ £ #-e* 5„ 

[ 0 0 4 4 ] tfc, ai««3e«©ftiMei3tf ©^r 
ggt±^tt\ f«rttffl©i((£Eh?y^*2*i»!aMfc 
Ufch7V^S:Rrt, -#©iSffih7y*©ffi^£«f 

©gff 1-7^ ©ai^ ©@sffiT?m d ffl-r i 5 ic tfc© 

,^«--r5i£t4i9, fStt@S3tt©Sa^£tt^KM 

^«^t7tf©®K©fiT^ES 
Cr£^t#5 0 «rfc. fi«^7fef©ffS^®<IS3t 
30 Ufctt, B£EflB#!fl5<4D, <££E«#»< 45iV^ 
5i54»K»*©«!»#»#S^5. Sfct, Kffh 
5v*l«*fcO©fflA1tffi9**iS<T**, ^fiM 
(/-fX) 4r'>4<t5r£dST*5. S6fc*fc, ft 

mmm^mLxmmc<Dx\ mwtK.#r&%% 

ffW»©«E*, /^VXLTH(S^L<4I3, »*t 

©«eji»««»^»c«oT«i+« i t m < , nut 

40 7j'>4<1-5ri^r#5o 

[0 0 4 5] *jfc. MM4«©fMMHXt©AA- 

fc, -*©j*£Eh?y^©a*Srtt*©Wffh9^© 
WA©)BttlB-eS*)ajtJ;5K:Lfc©-e, (KUftfitjKf 
«(s*«tt*»67 n-x^ y^Wejfiarts r. £ t4 

5, ®mm%<omkm&*mm.M<>>m®m 
50 t» *B«it*t©«s*fi<p*Liit:£#, mmfi 



SfcfcSfc, JMMHt%ffft&£ h^y^fflAWfcftl 
< ft 5 , *%t0ftft#**t *»fc«o-C«»t5 i 

[Hi] *HS©^i©^ji^«ffi©«a«|5|^^ 

-r*/#0 

IBS] f^©*H**Sfttf*2ff^fc3^5£ 
*T»«0«ft*lBll6lr*t«*H 
[04] fBMIoJIMNHtXf *2ff|taHc«|t1-5* 
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[06] ^-yi?74 htto^ytfj hejstt5«* 

[07] tTffi*^^ hi/^yAfcistt5**t, 

[08] #£93 ©3? i oSMBMUngit 5ffi4«gM 
[09] «*Sft*f H 
[010] *»W©-?ai0S«fcj8Jt5«*f©««» 

[0ii] 2 ©m^ffi©m^0ss^i- 
«fig0 

[012] *»n®93 3feN^tto«jURiaKfr^1R 
m 

m<Djy<-#-m, 3-e^-iBi» x 4-mm 

fflSKs 5-*4-?-m, 7-P 
) WM=>hn-^HI*, f l~f 4-7-f 7^VK T 
1~T5- 



[01] 




[09] 



[010] 
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